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(54) Driving circuit, electro-mechanical-acoustic transducer, and portable terminal apparatus 



(57) A circuit of the present invention is a driving cir- 
cuit for driving a vibrator having a mechanical vibration 
system which resonates at a resonance frequency. The 
driving circuit outputs to the vibrator at least two signals 
of different frequencies which are included in a fre- 
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quency range including the resonance frequency. The 
vibrator has a function of converting an electric signal 
into at least one of a sound and a vibration. 
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BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION: 

[0001] The present invention relates to an electro- 
mechanical-acoustic transducer for generating a ringing 
tone or a ringing vibration for a portable terminal appa- 
ratus such as a portable telephone, a pager or a PHS 
(personal handy phone set), and a method for driving 
the same. 

2. DESCRIPTION OF THE RELATED ART: 

[0002] Conventionally, a portable terminal appara- 
tus such as a portable telephone, a pager or a PHS 
includes a plurality of vibrators which are connected to 
an electric signal generator so as to selectively gener- 
ate a bell tone or a vibration for alerting the user of an 
incoming call. 

[0003] There is a demand in the art to reduce the 
size and weight of a portable terminal apparatus. For 
example, Japanese Laid-Open Publication No. 8- 
275293 of Motorola, Inc., discloses a portable tele- 
phone using a single unit electro-mechanical -acoustic 
transducer capable of generating a tone and a vibration. 
[0004] Figure 32 illustrates a structure of such a 
conventional electro-mechanical-acoustic transducer 
3200. Referring to Figure 32, a movable mass 1 is sup- 
ported by a planar nonlinear spring member 2. An elec- 
tromagnetic coil 4 is enclosed in a coil form 3. A 
permanent magnet 5 is fixed to the periphery of the 
movable mass 1 opposite to the electromagnetic coil 4. 
Although not shown in Figure 32, the periphery of the 
coil form 3 is attached to a soundboard (e.g., a casing of 
a portable telephone). 

[0005] In the electro-mechanical-acoustic trans- 
ducer 3200, an alternating magnetic field is generated 
in response to a drive signal applied to the electromag- 
netic coil 4, thereby producing an alternating excitation 
force between the electromagnetic coil 4 and the per- 
manent magnet 5 thus vibrating the movable mass 1. 
This vibration is transmitted to the soundboard, thereby 
providing a vibratory alert signal when the portable tele- 
phone receives an incoming call. The transducer 3200 
also generates an audible signal based on a similar 
principle. In order to obtain a large vibration force, a pla- 
nar nonlinear spring member is employed as the mem- 
ber 2 for supporting the movable mass 1. Figure 33 is a 
graph illustrating the relationship between the displace- 
ment and the frequency of a planar nonlinear spring 
member. It is known in the art that a nonlinear spring 
member exhibits a vibration characteristic called a 
"jumping phenomenon" (see, for example, YOSHIHISA 
"Speaker," Rikokenkyusha (March 1973). This is a phe- 
nomenon in which the displacement of the nonlinear 
spring member changes from A-»B->C-»D when the 
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frequency is increased, ai^Km D-h>C-»E->F-^A 
when the frequency is decreased. 
[0006] In the F-B frequency range, the displace- 
ment characteristics are influenced by the direction of 

5 the applied frequency signal (i.e., whether it is 
increased or decreased). Thus, a stable vibration can- 
not be obtained. In view of this, the conventional electro- 
mechanical-acoustic transducer 3200 uses a drive sig- 
nal which sweeps in the A-F frequency range, where the 

10 displacement characteristics are not influenced by the 
direction of the frequency signal. Where the A-F fre- 
quency range is employed, the vibration force is large at 
frequency F and very small at frequency A. Therefore, 
the vibration output obtained while the frequency signal 

75 sweeps across the A-F frequency range may not be effi- 
cient. Particularly, for a mobile information terminal 
apparatus such as a portable telephone, whose driving 
source is a battery, a strong desire exists to maximize 
the efficiency of a transducer and thereby reduce the 

20 power consumption thereof, so as to allow the appara- 
tus to be used for a long period of time. 

SUMMARY OF THE INVENTION 

25 [0007] According to one aspect of this invention, 
there is provided a driving circuit for driving a vibrator 
having a mechanical vibration system which resonates 
at a resonance frequency. The driving circuit outputs to 
the vibrator at least two signals of different frequencies 

30 which are included in a frequency range including the 
resonance frequency. The vibrator has a function of 
converting an electric signal into at least one of a sound 
and a vibration. 

[0008] In one embodiment of the invention, the at 
35 least two signals include a first signal having a fre- 
quency which is lower than the resonance frequency 
and a second signal having a frequency which is higher 
than the resonance frequency. 

[0009] In one embodiment of the invention, the at 
40 least two signals include a first signal and a second sig- 
nal. The driving circuit outputs to the vibrator a synthe- 
sized signal obtained by adding together the first signal 
and the second signal. 

[0010] In one embodiment of the invention, the at 
45 least two signals include a first signal and a second sig- 
nal. The driving circuit outputs to the vibrator a synthe- 
sized signal obtained by adding together the first signal 
and the second signal while shifting a phase of the first 
signal and a phase of the second signal from each 
so other. 

[0011] In one embodiment of the invention, the at 
least two signals include a first signal and a second sig- 
nal. At least one of the first signal and the second signal 
includes a sine wave signal. 
55 [0012] In one embodiment of the invention, the at 
least two signals include a first signal and a second sig- 
nal. At least one of the first signal and the second signal 
includes a rectangular wave signal. 
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[001 3} In one embodiment of tHM^ention, the driv- 
ing circuit further includes a limiter for limiting a peak 
output voltage of the synthesized signal. 
[001 4] In one embodiment of the invention, the syn- 
thesized signal is a sine wave signal which is obtained 5 
by synthesizing together a plurality of groups of fre- 
quency signals, each group including a first pair of adja- 
cent frequency signals and a second pair of adjacent 
frequency signals, the first pair of adjacent frequency 
signals being synthesized together in reverse phase, 10 
and the second pair of adjacent frequency signals being 
synthesized together in phase. 

[0015] In one embodiment of the invention, the 
vibrator includes a magnetic circuit section and at least 
one suspension. 75 
[0016] In one embodiment of the invention, the sus- 
pension includes a linear suspension. 
[001 7] In one embodiment of the invention, the driv- 
ing circuit is an electric signal generator for generating a 
frequency signal for a vibration or an electric-acoustic 20 
signal for a sound. 

[0018] According to another aspect of this inven- 
tion, there is provided a driving circuit for driving a vibra- 
tor having a mechanical vibration system having 
predetermined vibration force vs frequency characteris- 25 
tics. The mechanical vibration system has different 
vibration force vs frequency characteristics for an 
increasing frequency sweep and for a decreasing fre- 
quency sweep within a predetermined frequency range. 
The predetermined frequency range is defined between 30 
a lower limit frequency which represents a lowest fre- 
quency in the predetermined frequency range and an 
upper limit frequency which represents a highest fre- 
quency in the predetermined frequency range. The driv- 
ing circuit outputs to the vibrator a first signal having a 35 
frequency within the frequency range and a second sig- 
nal having a frequency which is lower than the lower 
limit frequency. The second signal is output to the vibra- 
tor concurrently with or prior to the first signal. The 
vibrator has a function of converting an electric signal 40 
into at least one of a sound and a vibration. 
[0019] In one embodiment of the invention, the 
vibrator includes a magnetic circuit and at least one sus- 
pension. 

[0020] In one embodiment of the invention, the sus- 45 
pension includes a nonlinear suspension. 
[0021 ] In one embodiment of the invention, the sus- 
pension has stiffness S such that when the stiffness S is 
expressed by a multidimensional function with respect 
to a displacement X, an X 2 term of the multidimensional so 
function has a non-zero value. 

[0022] In one embodiment of the invention, the driv- 
ing circuit in an electric signal generator for generating a 
frequency signal for a vibration or an electric-acoustic 
signal for a sound. 55 
[0023] In one embodiment of the invention, the sec- 
ond signal includes a swept frequency signal whose fre- 
quency continuously varies over time. 



d^j^o' 



[0024] In one embodirrWJTof the invention, the sec- 
ond signal includes a plurality of point frequency sig- 
nals. 

[0025] In one embodiment of the invention, at least 
one of the first signal and the second signal includes an 
increasing signal whose frequency increases overtime. 
[0026] In one embodiment of the invention, the first 
signal includes a swept frequency signal whose fre- 
quency continuously varies over time. The first signal 
has a first turning frequency at which the frequency of 
the first signal stops increasing and starts decreasing 
and a second turning frequency at which the frequency 
of the first signal stops decreasing and starts increas- 
ing. The first turning frequency is lower than the upper 
limit frequency. The second turning frequency is higher 
than the lower limit frequency. 

[0027] In one embodiment of the invention, the first 
signal includes at least one point frequency signal. 
[0028] In one embodiment of the invention, the driv- 
ing circuit outputs to the vibrator a synthesized signal 
obtained by adding together the first signal and the sec- 
ond signal. 

[0029] In one embodiment of the invention, the driv- 
ing circuit outputs to the vibrator a synthesized signal 
obtained by adding together the first signal and the sec- 
ond signal while shifting a phase of the first signal and a 
phase of the second signal from each other. 
[0030] In one embodiment of the invention, at least 
one of the first signal and the second signal includes a 
sine wave signal. 

[0031] In one embodiment of the invention, at least 
one of the first signal and the second signal includes a 
rectangular wave signal. 

[0032] In one embodiment of the invention, the driv- 
ing circuit further includes a limiter for limiting a peak 
output voltage of the synthesized signal. 
[0033] In one embodiment of the invention, the syn- 
thesized signal is a sine wave signal which is obtained 
by synthesizing together a plurality of groups of fre- 
quency signals, each group including a first pair of adja- 
cent frequency signals and a second pair of adjacent 
frequency signals, the first pair of adjacent frequency 
signals being synthesized together in reverse phase, 
and the second pair of adjacent frequency signals being 
synthesized together in phase. 

[0034] According to still another aspect of this 
invention, there is provided an electro-mechanical- 
acoustic transducer, including: a vibrator having a 
mechanical vibration system which resonates at a reso- 
nance frequency; and a driving circuit for driving the 
vibrator. The driving circuit outputs to the vibrator at 
least two signals of different frequencies which are 
included in a frequency range including the resonance 
frequency. 

[0035] In one embodiment of the invention, the at 
least two signals include a first signal having a fre- 
quency which is lower than the resonance frequency 
and a second signal having a frequency which is higher 
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than the resonance frequency. 

[0036] In one embodiment of the invention, the at 
least two signals include a first signal having a fre- 
quency which is lower than the resonance frequency 
and a second signal having a frequency which is higher 
than the resonance frequency. The driving circuit out- 
puts to the vibrator a synthesized signal obtained by 
adding together the first signal and the second signal. 
The driving circuit selectively changes the synthesized 
signal by changing at least one of a frequency of the first 
signal, a frequency of the second signal, a frequency 
interval between the frequency of the first signal and the 
frequency of the second signal, a phase of the first sig- 
nal, a phase of the second signal, a voltage level of the 
first signal, and a voltage level of the second signal. 
[0037] According to still another aspect of this 
invention, there is provided an electro-mechanical- 
acoustic transducer, including: a vibrator having a 
mechanical vibration system having predetermined 
vibration force vs frequency characteristics; and a driv- 
ing circuit for driving the vibrator. The mechanical vibra- 
tion system has different vibration force vs frequency 
characteristics for an increasing frequency sweep and 
for a decreasing frequency sweep within a predeter- 
mined frequency range. The predetermined frequency 
range is defined between a lower limit frequency which 
represents a lowest frequency in the predetermined fre- 
quency range and an upper limit frequency which repre- 
sents a highest frequency in the predetermined 
frequency range. The driving circuit outputs to the vibra- 
tor a first signal having a frequency within the frequency 
range and a second signal having a frequency which is 
lower than the lower limit frequency. The second signal 
Is output to the vibrator concurrently with or prior to the 
first signal. 

[0038] In one embodiment of the invention, the driv- 
ing circuit outputs to the vibrator a synthesized signal 
obtained by adding together the first signal and the sec- 
ond signal. The driving circuit selectively changes the 
synthesized signal by changing at least one of a fre- 
quency of the first signal, a frequency of the second sig- 
nal, a frequency interval between the frequency of the 
first signal and the frequency of the second signal, a 
phase of the first signal, a phase of the second signal, a 
voltage level of the first signal, and a voltage level of the 
second signal. 

[0039] According to still another aspect' of this 
invention, there is provided a portable terminal appara- 
tus, including: a vibrator having a mechanical vibration 
system which resonates at a resonance frequency; an 
antenna for receiving an incoming call signal; a recep- 
tion signal processing section for processing the incom- 
ing call signal so as to output an electric signal to the 
vibrator; and a driving circuit for driving the vibrator. The 
driving circuit outputs to the vibrator at least two signals 
of different frequencies which are included in a fre- 
quency range including the resonance frequency. 
[0040] In one embodiment of the invention, the at 
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least two signals include a mJrsignal having a fre- 
quency which is lower than the resonance frequency 
and a second signal having a frequency which is higher 
than the resonance frequency. 

5 [0041 ] In one embodiment of the invention, the port- 
able terminal apparatus further includes a switching 
section for connecting the vibrator to one of the driving 
circuit and the reception signal processing section 
based on an output from the reception signal process- 

io ing section. 

[0042] In one embodiment of the invention, the port- 
able terminal apparatus further includes a signal syn- 
thesis section for synthesizing together the electric 
signal output from the reception signal processing sec- 

15 tion and the output from the driving circuit. 

[0043] In one embodiment of the invention, the port- 
able terminal apparatus further includes: a first switch 
provided between the reception signal processing sec- 
tion and the signal synthesis section; a second switch 

20 provided between the driving circuit and the signal syn- 
thesis section; and a third switch provided between the 
signal synthesis section and the vibrator. 
[0044] In one embodiment of the invention, the first 
switch, the second switch and the third switch operate 

25 based on a signal which is output from the reception sig- 
nal processing section. 

[0045] In one embodiment of the invention, the at 
least two signals include a first signal having a fre- 
quency which is lower than the resonance frequency 

30 and a second signal having a frequency which is higher 
than the resonance frequency. The driving circuit out- 
puts to the vibrator a synthesized signal obtained by 
adding together the first signal and the second signal. 
The driving circuit selectively changes the synthesized 

35 signal by changing at least one of a frequency of the first 
signal, a frequency of the second signal, a frequency 
interval between the frequency of the first signal and the 
frequency of the second signal, a phase of the first sig- 
nal, a phase of the second signal, a voltage level of the 

40 first signal, and a voltage level of the second signal. 
[0046] According to still another aspect of this 
invention, there is provided a portable terminal appara- 
tus, including: a vibrator having a mechanical vibration 
system having predetermined vibration force vs fre- 

45 quency characteristics; an antenna for receiving an 
incoming call signal; a reception signal processing sec- 
tion for processing the incoming call signal so as to out- 
put an electric signal to the vibrator; and a driving circuit 
for driving the vibrator. The mechanical vibration system 

so has different vibration force vs frequency characteristics 
for an increasing frequency sweep and for a decreasing 
frequency sweep within a predetermined frequency 
range. The predetermined frequency range is defined 
between a lower limit frequency which represents a low- 

55 est frequency in the predetermined frequency range 
and an upper limit frequency which represents a highest 
frequency in the predetermined frequency range. The 
driving circuit outputs to the vibrator a first signal having 
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a frequency within the frequency i^P? and a second 
signal having a frequency which is lower than the lower 
limit frequency. The second signal is output to the vibra- 
tor concurrently with or prior to the first signal. 
[0047] In one embodiment Of the invention, the s 
portable terminal apparatus further includes a switching 
section for connecting the vibrator to one of the driving 
circuit and the reception signal processing section 
based on an output from the reception signal process- 
ing section. 10 
[0048] In one embodiment of the invention, the port- 
able terminal apparatus further includes a signal syn- 
thesis section for synthesizing together the electric 
signal output from the reception signal processing sec- 
tion and the output from the driving circuit. 15 
[0049] In one embodiment of the invention, the port- 
able terminal apparatus further includes: a first switch 
provided between the reception signal processing sec- 
tion and the signal synthesis section; a second switch 
provided between the driving circuit and the signal syn- 20 
thesis section; and a third switch provided between the 
signal synthesis section and the vibrator. 
[0050] In one embodiment of the invention, the driv- 
ing circuit outputs to the vibrator a synthesized signal 
obtained by adding together the first signal and the sec- 25 
ond signal. The driving circuit selectively changes the 
synthesized signal by changing at least one of a fre- 
quency of the first signal, a frequency of the second sig- 
nal, a frequency interval between the frequency of the 
first signal and the frequency of the second signal, a 30 
phase of the first signal, a phase of the second signal, a 
voltage level of the first signal, and a voltage level of the 
second signal. 

[0051 ] In one embodiment of the invention, the driv- 
ing circuit outputs to the vibrator a synthesized signal 35 
obtained by adding together the first signal and the sec- 
ond signal. 

[0052] In one embodiment of the invention, the driv- 
ing circuit outputs to the vibrator a synthesized signal 
obtai ned by adding together the first signal and the sec- 40 
ond signal while shifting a phase of the first signal and a 
phase of the second signal from each other. 
[0053] In one embodiment of the invention, at least 
one of the first signal and the second signal includes a 
sine wave signal. 45 
[0054] In one embodiment of the invention, at least 
one of the first signal and the second signal includes a 
rectangular wave signal. 

[0055] Thus, the invention described herein makes 
possible the advantage of providing an electro-mechan- so 
ical-acoustic transducer capable of providing a stable 
and efficient vibration output. 

[0056] This and other advantages of the present 
invention will become apparent to those skilled in the art 
upon reading and understanding the following detailed 55 
description with reference to the accompanying figures. 
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Figure 1 is a block diagram illustrating the main part 
of an electro-mechanical-acoustic transducer 
according to Embodiment 1 of the present inven- 
tion; 

Figure 2 is an exploded view illustrating an exem- 
plary vibrator of the electro-mechanical-acoustic 
transducer according to Embodiment 1 of the 
present invention; 

Figure 3A is a top view illustrating the vibrator 
according to Embodiment 1 of the present invention 
with a baffle being removed; 

Figure 3B is a cross-sectional view illustrating the 
vibrator according to Embodiment 1 of the present 
invention; 

Figure 4 is a graph illustrating the relationship 
between the displacement and the applied force of 
a suspension of a vibrator according to Embodi- 
ment 1 of the present invention; 

Figure 5 is a graph illustrating the relationship 
between the displacement and the stiffness of the 
suspension; 

Figure 6 is a graph illustrating the relationship 
between the vibration force and the frequency of a 
vibrator according to Embodiment 1 of the present 
invention; 

Figure 7 is another graph illustrating the relation- 
ship between the vibration force and the frequency 
of the vibrator; 

Figure 8 is a graph illustrating the relationship 
between the vibration force and the frequency of a 
conventional vibrator using a linear suspension; 

Figure 9 is a graph illustrating the relationship 
between the displacement and the stiffness of a 
second nonlinear suspension according to Embod- 
iment 1 of the present invention; 

Figure 10 is a graph illustrating the relationship 
between the vibration force and the frequency of 
the vibrator according to Embodiment 1 of the 
present invention; 

Figure 11 is a graph illustrating the relationship 
between the vibration force and the frequency of 
the vibrator according to Embodiment 1 of the 
present invention, also illustrating input frequency 
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points; 

Figure 12 is a graph illustrating the relationship 
between the vibration force and the frequency of 
the vibrator according to Embodiment 1 of the 
present invention; 

Figures 13A to 13D illustrate the input/output char- 
acteristics obtained when a single frequency is 
input to the electro -mechanical -acoustic transducer 
according to Embodiment 1 of the present inven- 
tion; 

Figures 14A and 14B illustrate the input/output 
characteristics obtained when a synthesized fre- 
quency signal is input to the electro-mechanical- 
acoustic transducer according to Embodiment 1 of 
the present invention; 

Figure 15 Is a graph illustrating variations In the 
vibration force vs frequency characteristics of the 
vibrator according to Embodiment 1 of the present 
invention; 

Figure 16A illustrates a waveform of a synthesized 
signal obtained by adding together a plurality of fre- 
quency signals in phase; 

Figure 16B illustrates a waveform of a vibration 
force obtained by the synthesized signal; 

Figure 17A illustrates a waveform of a synthesized 
signal obtained by adding together a plurality of fre- 
quency signals while adjusting the phase thereof by 
the electro-mechanical-acoustic transducer accord- 
ing to Embodiment 1 of the present invention; 

Figure 17B illustrates a waveform of a vibration 
force obtained by the synthesized signal; 

Figure 18A illustrates a waveform of a vibration 
force obtained by the electro-mechanical -acoustic 
transducer according to Embodiment 1 of the 
present invention when the vibration force vs fre- 
quency characteristics of the vibrator are shifted 
toward the low frequency side; 

Figure 18B illustrates a waveform of a vibration 
force obtained by the electro-mechanical -acoustic 
transducer according to Embodiment 1 of the 
present invention when the vibration force vs fre- 
quency characteristics of the vibrator are shifted 
toward the high frequency side; 

Figure 19 is a plan view illustrating a linear suspen- 
sion according to Embodiment 2 of the present 
invention; 
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Figure 20 is a graph illcWrating the relationship 
between the vibration force and the frequency of an 
electro-mechanical-acoustic transducer using the 
linear suspension according to Embodiment 2 of 
5 the present invention; 

Figure 21 A illustrates a waveform of a voltage level 
according to Embodiment 2 of the present inven- 
tion; 

10 

Figure 21 B illustrates a waveform of a vibration 
force according to Embodiment 2 of the present 
invention; 

15 Figure 22A illustrates a waveform of a vibration 
force according to Embodiment 2 of the present 
invention; 

Rgure 22B illustrates a waveform of a vibration 
20 force according to Embodiment 2 of the present 
invention; 

Rgure 23 is a block diagram illustrating an electric 
signal generator according to Embodiment 2 of the 
25 present invention; 

Rgure 24 is a graph illustrating the relationship 
between the vibration force and the frequency for 
various linear suspensions having different Q val- 
30 ues according to Embodiment 2 of the present 

invention: 

Rgure 25 A illustrates a waveform of a vibration 
force according to Embodiment 2 of the present 
35 invention; 

Rgure 25B illustrates a waveform of a vibration 
force according to Embodiment 2 of the present 
invention; 

40 

Rgure 25C illustrates a waveform of a vibration 
force according to Embodiment 2 of the present 
invention; 

45 Rgure 26 A illustrates a waveform of a voltage level 
according to Embodiment 2 of the present inven- 
tion; 

Rgure 26 B illustrates a waveform of a vibration 
so force according to Embodiment 2 of the present 
invention; 

Rgure 27A illustrates a waveform of a voltage level 
according to Embodiment 2 of the present inven- 
55 tion; 

Rgure 27B illustrates a waveform of a vibration 
force according to Embodiment 2 of the present 
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invention; 



Figure 28 is a block diagram illustrating the main 
part of an electro-mechanical-acoustic transducer 
according to Embodiment 3 of the present inven- s 
tion; 

Figure 29 is a perspective view illustrating a porta- 
ble telephone according to Embodiment 4 of the 
present invention, including the electro-mechanical- to 
acoustic transducer of the present invention; 

Figure 30 is a block diagram illustrating the main 
part of an electro-mechanical-acoustic transducer 
according to Embodiment 4 of the present Inven- 15 
tion; 

Figure 31 is a block diagram illustrating the main 
part of an electro-mechanical-acoustic transducer 
according to Embodiment 5 of the present Inven- 20 
tion; 

Figure 32 is a cross-sectional view illustrating a 
structure of a conventional electro-mechanical- 
acoustic transducer; and 25 

Figure 33 is a graph illustrating the relationship 
between the displacement and the frequency of the 
conventional electro- mechanical-acoustic trans- 
ducer. 30 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0058] Various embodiments of the present inven- 35 
tion will now be described with reference to the accom- 
panying drawings. 



(Embodiment 1) 



40 



[0059] Figure 1 is a block diagram illustrating an 
electro-mechanical-acoustic transducer 100 according 
to Embodiment 1 of the present invention. Referring to 
Figure 1, the electro -mechanical -acoustic transducer 
100 includes a vibrator 6, an electric signal generator 7 45 
and a switch SW1 for turning ON/OFF the electric signal 
generated. 

[0060] Figures 2, 3A and 3B illustrate an example 
structure of the vibrator 6 used in the electro -mechani- 
cal-acoustic transducer 100 of the present invention, so 
Figure 2 is an exploded view, Figure 3 A is a plan view 
with the baffle being removed, and Figure 3B is across- 
sectional view. 

[0061] Referring to Figures 2, 3A and 3B, the vibra- 
tor 6 includes a magnetic circuit section 8 having a yoke, 55 
a magnet and a plate which are integrally formed, and 
an upper suspension 9 and a lower suspension 10 cou- 
pled to the magnetic circuit section 8. The upper sus- 



pension 9 includes a paP^ extensions 9a and 9b 
extending along opposite edges of the upper suspen- 
sion 9. The lower suspension 10 includes a pair of 
extensions 10a and 10b extending along opposite 
edges of the lower suspension 10. The extensions 9a 
and 9b extend in a direction different from a direction in 
which the extensions 10a and 10b extend. In this 
embodiment, the weight of the magnetic circuit section 
8 is 3 g. 

[0062] The vibrator 6 further includes a plastic sup- 
porting member 11 and a non-magnetic diaphragm 12 
made of a titanium material or a plastic. The plastic sup- 
porting member 11 includes an upper aperture lie, a 
lower aperture 11f, and receptacles 11a, 11b, 11c and 
11d for receiving the extensions 9a, 9b, 10a and 10b, 
respectively. The periphery of the diaphragm 12 is 
received by a lower rim defining the lower aperture 11f 
of the supporting member 11. A voice coil 13 is concen- 
trically bonded to the diaphragm 12, with the upper 
edge thereof being Inserted into a magnetic gap 8a of 
the magnetic circuit section 8 as shown in Figure 
3B,which is supported between the upper and lower 
suspensions 9 and 10. 

[0063] The vibrator 6 further includes a baffle 14 
attached to an upper rim defining the upper aperture 
11e of the supporting member 11. The supporting 
member 11 includes an external input terminal 11g 
which is connected to a lead wire of the voice coil 13. 
[0064] Each of the upper and lower suspensions 9 
and 10 is a spring made of a stainless material or a 
beryllium alloy material. The size and shape of the sus- 
pensions 9 and 10 are designed so that the suspen- 
sions 9 and 10 have nonlinear stiffness characteristics 
with respect to the amount of amplitude displacement. 
In the illustrated example, each of the extensions 9a, 
9b, 10a and 10b has a length of 8 mm, a width of 1 mm 
and a thickness of 0.085 mm. 

[0065] Figure 4 is a graph illustrating the relation- 
ship between the displacement and the applied force of 
the upper and lower suspensions 9 and 10. This graph 
shows the force vs displacement characteristics which 
are obtained when a force is applied upon the magnetic 
circuit section 8 with the extensions 9a, 9b, 10a and 10b 
of the upper and lower suspensions 9 and 10 being 
fixed to each other and the magnetic circuit section 8 
being concentrically interposed therebetween. The hor- 
izontal axis of the graph represents the displacement 
and the vertical axis thereof represents the applied 
force. Figure 5 is a graph illustrating the stiffness char- 
acteristics of the suspensions 9 and 10 obtained from 
the graph shown in Figure 4, where the horizontal axis 
represents the displacement and the vertical axis repre- 
sents the stiffness. Each of the suspensions 9 and 10 
exhibits nonlinear characteristics in which the stiffness 
value increases as the displacement increases. Figure 
6 is a graph illustrating the vibration force characteristics 
of the vibrator 6 including such nonlinear suspensions 9 
and 1 0 with respect to an input frequency signal (the 
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mass of the magnetic circuit section 8 HQRut 3 g). Fig- 
ure 6 illustrates the vibration force vs frequency charac- 
teristics obtained when the frequency is increased and 
decreased. When the frequency is continuously 
increased, the vibration force changes from a— »b-»c 
-»d. When the frequency is continuously decreased, the 
vibration force changes from d-»c-»e->f-»a. This is 
substantially the same jumping phenomenon of a non- 
linear suspension as described above in the prior art 
section with reference to Figure 33. 
[0066] The operation of the electro-mechanical- 
acoustic transducer 1 00 including such a vibrator 6 will 
now be described. 

[0067] Frequency signals generated by the electric 
signal generator 7 are input to the vibrator 6 when the 
switch SW1 is turned ON. At least one of the input fre- 
quency signals include a frequency in a frequency 
range Wb which is defined between a lower limit fre- 
quency (fl_) and a higher limit frequency (fH). The lower 
limit frequency fL and the higher limit frequency fH 
respectively correspond to point f and point b in the. 
graph of Figure 6 illustrating the vibration force charac- 
teristics of the nonlinear suspensions 9 and 10. The fre- 
quency range Wb is a frequency range in which the 
suspensions 9 and 10 exhibit different vibration force 
characteristics when the frequency is increasing and 
when the frequency is decreasing. It appears that the 
vibration force generated by the vibrator 6 is maximized 
in the frequency range Wb. However, when a signal 
having a freguency of 140 Hz, within the frequency 
range Wb, was solely applied to the vibrator 6, the vibra- 
tion force corresponding to point g (which corresponds 
to 140 Hz) along the lower characteristic line for a 
decreasing frequency sweep was obtained, and the 
intended vibration force corresponding to point h (which 
also correspond to 140 Hz) along the upper characteris- 
tic line for an increasing frequency sweep was not 
obtained. When the frequency is decreased from the 
higher limit frequency fH corresponding to point b to the 
lower limit frequency fL corresponding to point f, the 
vibration force characteristic line between point f and 
point b for an increasing frequency sweep is not repro- 
duced. In order to stably ensure the characteristic line 
from point f to point b along which a large vibration force 
Is obtained, at least one frequency which is lower than 
the lower limit frequency fL of the frequency range Wb 
should be included in the input signals to the vibrator 6. 
[0068] Referring to Figure 7, it is more preferred 
that the frequency of the swept frequency signal 
increases from point i, which is lower than fL, to point h, 
which is within the frequency range Wb, decreases from 
point h to point j, which is also within the frequency 
range Wb, and is thereafter repeatedly swept between 
point h and point j (i.e., initially i->h, and thereafter 
h->j->h-»j-»h-»...). In such a case, the frequency of the 
input signal is swept within the frequency range Wb, in 
which a large vibration force is obtained, thereby ensur- 
ing a larger vibration force. 



[0069] In the above-descWlG examples, the fre- 
quency of the input signal is initially swept from point i to 
point h and is thereafter repeatedly decreased and 
increased. Alternatively, the frequency of the input sig- 

5 nal may be increased from point i and then stopped at 
point h, thereafter continuously applying the input signal 
whose frequency is fixed at point h. In such a case, the 
vibration force does not jump to point g along the lower 
characteristic line for a decreasing frequency sweep, as 

10 in the case where the frequency corresponding to point 
h or g is solely input, thereby maintaining a large vibra- 
tion force. Therefore, it is possible to obtain a large 
vibration force continuously by setting point h in the 
vicinity of the higher limit frequency fH of the frequency 

75 range Wb. 

[0070] The stiffness characteristics of each suspen- 
sion of the vibrator 6 are particularly important Figure 8 
illustrates the vibration force characteristics of a vibrator 
having a magnetic circuit section which is supported by 

20 a suspension without nonlinearity. With a linear suspen- 
sion, the vibration force characteristics do not vary 
between an increasing frequency sweep and a decreas- 
ing frequency sweep. However, the frequency with 
which a large vibration force is obtained is limited to the 

25 resonant frequency f 0 of the mechanical system which 
is determined based on the stiffness of the suspension 
and the mass of the magnetic circuit section. With fre- 
quencies other than the resonant frequency f 0 , the 
vibration force significantly decreases. Thus, in such a 

30 case, it is necessary to provide a resonant frequency 
detection means for matching the frequency of the drive 
signal with the resonant frequency f 0 . Otherwise, it is 
necessary to precisely control the resonant frequency 
during the production process so that the resonant fre- 

35 quency of the vibrator is matched with a predetermined 
driving frequency. With the vibration force characteris- 
tics of the nonlinear suspension as illustrated in Figure 
6, a large vibration force is obtained in a wide frequency 
band (f-»b), but not a narrow frequency band such as f 0 

40 as in the case where a linear suspension is used. In 
order to obtain a large vibration force in such a wide fre- 
quency band, the special nonlinear vibration force char- 
acteristics of the suspension (e.g., 9 or 10) are 
preferred. For example, the vibration force characteris- 

45 tics illustrated in Figure 6 can be obtained as follows. 
The displacement (x) vs vibration force (F) characteris- 
tics illustrated in Figure 4 are represented by the follow- 
ing multidimensional function. 

so Expression 1 



[0071] 



F=S«x+S 0 x 2 +S~x 3 



[0072] Moreover, the displacement (x) vs stiffness 
(S) characteristics illustrated in Figure 5 are repre- 
sented by the following expression. 
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Expression 2 
[0073] 



3=3^3 gX+SgX* 



[0074] For example, when S 1t S 2 and S 3 in Expres- 
sion 2 above are set as follows, 

S-,=503.6 10 
S 2 =0 

S 3 =5.5x10 8 , and 

the displacement x is set to 1 mm, the values of the 
respective terms of Expression 2 are as shown in Table is 
1 below. 



Table 1 



S^N/mJ 


S 2 x[N/m] 


S 3 x 2 [N/m] 


503.6 


0 


550 



20 



[0075] Thus, it can be seen that the nonlinear term 
(S3X 2 ) is the factor which causes the vibration force 25 
characteristics between an increasing frequency sweep 
and a decreasing frequency sweep and which allows for 
a large vibration force to be obtained in a wide fre- 
quency band. 

[0076] Therefore, at least one of the suspensions 9 30 
or 1 0 of the vibrator 6 used in the supporting member 1 1 
is preferably configured such that the x 2 term has a non- 
zero value. 

[0077] When S 2 and S 3 are set as follows, 

35 

S 1= 0 
S 2 =0 

S 3 =8.0x10 8 , 

so that the Si term and the S 2 term of the stiffness func- 40 
tion of Expression 2 above are smaller than the S 3 term, 
whereby only the S 3 term substantially has a value, the 
obtained displacement vs stiffness characteristics are 
as illustrated in Figure 9, and the obtained vibration 
force characteristics provided by the vibrator 6 are as 45 
illustrated in Figure 10. As can be seen in Figure 10, the 
frequency range f-b* in which the vibration force charac- 
teristics vary between an increasing frequency sweep 
and a decreasing frequency sweep is wider than that 
illustrated in Figures 6 and 7, and the gradient of the so 
vibration force characteristic line for an increasing fre- 
quency sweep is less than that illustrated in Figures 6 
and 7. Thus, the amount of change in the vibration force 
with respect to a change in the frequency of the input 
signal is reduced, whereby it is possible to obtain a 55 
large vibration force more stably. 
[0078] In the above -described two examples, it is 
assumed that the S 2 term is 0. However, also when the 



• 

ipn^Pie 



S 2 term is not 0, the jumpiT^phenomenon in which the 
vibration force characteristics vary between an increas- 
ing frequency sweep and a decreasing frequency 
sweep occurs in substantially the same manner. This 
also applies to cases where the expression has a term 
of an even higher order. 

[0079] A nonlinear suspension in which the x 2 term 
has a non-zero value can be realized by stiffness char- 
acteristics in which the amplitude is limited as the dis- 
placement increases. Such nonlinearity can be realized 
easily by, for example, reducing the length of the sus- 
pension so as to limit the amplitude of the suspension or 
by employing a material which has a small ductility. 
[0080] Moreover, with the electro-mechanical- 
acoustlc transducer 100 of the present invention, the 
frequency signal generated by the electric signal gener- 
ator 7 and supplied to the vibrator 6 is not limited to a 
continuously swept frequency signal. Alternatively, the 
frequency signal may be a series of discrete point fre- 
quencies. The series of point frequencies preferably 
include at least one frequency which is lower than the 
lower limit frequency fL of the frequency range Wb as 
the initial input frequency. Figure 11 illustrates an exam- 
ple of such a series of point frequencies. The input fre- 
quency to the vibrator 6 starts from P1 and then 
changes from P2->P3->P4-»P5. The frequency of the 
input signal may be stopped at the last frequency P5 
and the fixed frequency P5 can be provided continu- 
ously thereafter. In such a case, the vibrator 6 can con- 
tinuously output a large vibration force. Alternatively, the 
input frequency may be initially increased from 
Pi -»P2-»P3->P4 ->P5, and then periodically 
increased and decreased within the frequency range 
Wb, e.g., P5->P4->P3->P4->P5. When the point fre- 
quency is switched from an initial frequency to a maxi- 
mum frequency such frequencies are excessively 
spaced apart from each other, e.g., P1-»P5. Thus, a 
stable operation may not be realized. Therefore, it is 
preferable to interpolate such a frequency gap between 
the initial frequency and the maximum frequency with 
one or more point frequencies such as P3 within the fre- 
quency range Wb. However, this may not be necessary 
when an initial frequency and a destination frequency 
(e.g., P2 and P3) are in the vicinity of the lower limit fre- 
quency fL, even if the initial frequency (P2) is lower than 
the lower limit frequency fL and the destination fre- 
quency (P3) is within the frequency range Wb. 
[0081] As described above, the electro-mechanical- 
acoustic transducer 100 can efficiently provide a large 
vibration force over a wide frequency band due to the 
employment of the vibrator 6 which uses a nonlinear 
suspension. 

[0082] While a waveform of the input signal is pref- 
erably a sine wave, effects similar to those described 
above can be expected with a rectangular wave input 
signal if the fundamental frequency thereof satisfies the 
above-described frequency conditions. In such a case, 
however, a higher harmonic component is likely to be 
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applied to the voice coil 13, thereflf^ene rating an 
unnecessary tone when the vibrator 6 is vibrating. 
Therefore, it is preferable to insert a high-cut filter 151 
which cuts off a higher frequency band between the 
electric signal generator 7 and the vibrator 6. 
[0083] Where the input signal generated by the 
electric signal generator 7 and supplied to the vibrator 6 
is a voice or music signal including a high frequency 
component, the diaphragm 12 can vibrate and function 
as a speaker, thereby allowing for an acoustic reproduc- 
tion. In such a case, if the lower limit frequency of the 
acoustic signal is set to be higher than the lower limit 
frequency fL of the frequency range Wb, it is possible to 
produce a sound by vibrating only the diaphragm 12 
without substantially vibrating the magnetic circuit sec- 
tion 8. This is effective where it is preferred to reproduce 
a vibration and a sound separately. 
[0084] The frequency signal generated by the elec- 
tric signal generator 7 is preferably a synthesized signal 
obtained by adding together a plurality of signals includ- 
ing at least one frequency which is lower than the fre- 
quency range Wb. 

[0085] The operation of the electro-mechanical- 
acoustic transducer 100 including the electric signal 
generator 7 for generating such a frequency signal and 
the vibrator 6 having a nonlinear suspension will now be 
described. 

[0086] The frequency signal from the electric signal 
generator 7 is input to the vibrator 6. The frequency sig- 
nal is a synthesized signal obtained by adding together 
the frequency corresponding to point t within the fre- 
quency range Wb illustrated in Figure 12 (in which the 
vibration force characteristics of the nonlinear suspen- 
sions 9 and 10 vary between an increasing frequency 
sweep and a decreasing frequency sweep) and the fre- 
quency corresponding to point h which is lower than the 
frequency range Wb. 

[0087] Figures 13A to 13D illustrate the input wave- 
form and the output waveform obtained when frequen- 
cies fl and f2 (corresponding to points s and t, 
respectively) are individually input to the vibrator. Figure 
13A illustrates the waveform of an input signal which 
has a frequency of f2 and has a peak voltage amplitude 
which is about twice as high as that of the other input 
signal having a frequency of f1 shown in Figure 13C. 
Figure 13B illustrates a vibration force waveform 
obtained when a signal having the frequency f2 is input. 
Figure 13C illustrates the input signal having the fre- 
quency f1 . Figure 13D illustrates a vibration force wave- 
form obtained when a signal having the frequency f1 is 
input. The frequency signal f2 corresponding to point g 
is a signal having a frequency within the frequency 
range Wb. As described above with reference to Figure 
12, a large vibration output is obtained from the vibrator 
6 by an increasing frequency sweep. However, when 
frequency signal f2 is applied solely, the vibration force 
Is reduced to the value of point u along the characteris- 
tic line for a decreasing frequency sweep. The fre- 



quency f1 corresponding to pWK is a frequency lower 
than the frequency range Wb. With the frequency f 1 , the 
vibration force characteristics do not vary between an 
increasing frequency sweep and a decreasing fre- 
5 quency sweep. Therefore, even though the input fre- 
quency signal f1 has a peak voltage amplitude which is 
1/2 of the peak voltage amplitude of the input frequency 
signal f2, the obtained output waveform (vibration force 
waveform) has a greater amplitude than that obtained 
to with the input frequency signal f 1 , as can be seen in Fig- 
ures 13B and 13D. 

[0088] Figure 14A illustrates the waveform of a syn- 
thesized input signal obtained by adding together the 
above-described two frequency signals f 1 and f2. Fig- 

15 ure 14B illustrates the vibration force characteristics 
obtained when the synthesized input signal illustrated in 
Figure 14A is input to the vibrator 6. The input waveform 
is an amplitude-modulated signal whose amplitude 
peak value periodically increases and decreases. The 

20 amplitude peak value of the output waveform of the 
vibration force characteristics also increases and 
decreases over time. It can be seen in Figure 14B that 
the peak amplitude value of the output waveform is a 
larger value as compared to when a single frequency is 

25 solely used as illustrated in Figures 13A to 13D. Thus, it 
can be seen that the vibration force corresponding to 
point t which is obtained with the frequency f2 during an 
increasing frequency sweep is obtained by using a sig- 
nal obtained by synthesizing two frequencies together. 

30 [0089] Where the electric signal generator 7 gener- 
ates an acoustic signal such as a melody signal, a musi- 
cal signal, or a voice signal, the diaphragm 12 of the 
vibrator 6 to which the voice coil 13 is bonded vibrates, 
thereby producing the acoustic signal. In such a case, 

35 even when the low frequency component of the acoustic 
signal is included in the frequency range Wb, the gener- 
ated vibration force is small. Therefore, the vibratory 
alert function and the sound alert function are substan- 
tially separated from each other. Both a vibration signal 

40 and an acoustic signal can be input so as to reproduce 
the vibration signal and the sound signal simultane- 
ously. Thus, by adjusting the signal frequency band and 
synthesizing together a plurality of signals, the vibrator 
6 can function as a multiple function transducer capable 

45 of reproducing a vibration signal and an acoustic signal. 
[0090] The vibration force obtained from a fre- 
quency signal within the frequency range Wb is greater 
than the vibration force obtained from a frequency sig- 
nal lower than the frequency range Wb. Therefore, it is 

so preferred in order to reduce the power consumption that 
the input voltage level of the lower frequency signal is 
minimized while ensuring a stable vibration force output 
from a frequency signal within the frequency range Wb. 
While two sine wave signals are used as input fre- 

55 quency signals in this embodiment, three or more sine 
wave signals may alternatively be used to achieve simi- 
lar effects. The voltage level of each Input frequency sig- 
nal can be determined based on a principle similar to 
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that used in this embodiment. T^Pfiput signal may 
alternatively be a synthesized signal obtained by adding 
together two rectangular wave signals if the fundamen- 
tal frequency thereof satisfies the above-described fre- 
quency conditions. In such a case, however, a higher 
harmonic component included in the signal is likely to 
introduce a distortion into the signal reproduced from 
the diaphragm 12. Therefore, It is preferable to insert a 
high-cut fitter which cuts off a higher frequency band in 
a stage preceding the vibrator 6. 
[0091] Figure 15 illustrates various vibration force 
vs frequency characteristics L, M and H resulting from 
variations in the mass production of the vibrator 6 hav- 
ing a nonlinear suspension. While Figure 15 only illus- 
trates the characteristics which are observed while 
continuously increasing the frequency, the jumping phe- 
nomenon (a phenomenon in which the characteristics 
vary between an increasing frequency sweep and a 
decreasing frequency sweep) will similarly be observed 
when the frequency is continuously decreased, as Illus- 
trated in Figures 6 and 12. 

[0092] The frequency signal generated by the elec- 
tric signal generator 7 is a synthesized signal obtained 
by adding together a plurality of frequency signals PI- 
PS while shifting the phases of the signals with respect 
to one another. At least one of the frequency signals P1 - 
P8 has a frequency which is lower than the frequency 
range Wb of the vibration force characteristic line L 
which is shifted toward the low frequency side, and at 
least one of the frequency signals P1-P8 has a fre- 
quency which is higher than the frequency range Wb of 
the vibration force characteristic line H which is shifted 
toward the high frequency side. 

[0093] The operation of the electro-mechanical- 
acoustic transducer 100 including the electric signal 
generator 7 for generating a frequency signal as 
described above and the vibrator 6 having a nonlinear 
suspension will now be described. 
[0094] The frequency signal from the electric signal 
generator 7 is input to the vibrator 6. The frequency sig- 
nals used in this example are a series of point frequen- 
cies P1-P8. The lowest frequency is P1 which is lower 
than the frequency range Wb of the vibration force char- 
acteristic line L which is shifted toward the low fre- 
quency side, and the highest frequency Is P8 which is 
higher than the frequency range Wb of the vibration 
force characteristic line H which is shifted toward the 
high frequency side. The other frequencies P2-P7 are 
equally spaced from one another between P1 and P8. 
[0095] The effects of the present embodiment will 
now be described. Figure 16A illustrates the waveform 
of an electric signal which is obtained by adding 
together eight point frequencies in phase. The electric 
signal is input to the vibrator 6 having the vibration vs 
frequency characteristics M shown in Figure 7. Figure 
16B illustrates the waveform of the output vibration 
characteristics of the vibrator 6. The peak amplitude of 
the electric signal periodically increases with a period 
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T16 (Figure 16A) which is^^Fal to the inverse number 
of the frequency interval between the respective fre- 
quencies (i.e., 200 mS for a 5 Hz interval). Accordingly, 
the output vibration waveform has a large peak ampli- 
tude at the beginning of each period, but the vibration 
force attenuates until the beginning of the next period. 
[0096] While such a vibration waveform produces a 
periodically increasing vibration force, a more preferred 
vibration waveform is one with which a large vibration 
force is maintained over time. 

[0097] Figure 17A illustrates the waveform of an 
electric signal which is obtained by adding together the 
eight point frequencies P1-P8, with the lowest fre- 
quency P1 being in reverse phase with the next fre- 
quency P2, P3 being In phase with P4, P5 being in 
reverse phase with P6, and P7 being in phase with P8. 
Figure 17B illustrates the waveform of the output vibra- 
tion characteristics obtained for the input electric signal. 
It can be seen in Figure 17A that the period with which 
the peak value of the voltage level increases is reduced 
from that shown in Figure 16A. Accordingly, the peak 
value of the output vibration waveform does not attenu- 
ate after the beginning of each period as in Figure 16B, 
but a relatively large vibration output is continuously 
obtained. 

[0098] Figures 18A and 18B illustrate the wave- 
forms of the output vibrations obtained when the syn- 
thesized signal is applied respectively to the 
characteristic lines L and H shown in Figure 15. Similar 
to the obtained waveform for the characteristic line M 
shown in Figure 17B, a large vibration output is contin- 
uously produced. This indicates that a stable vibration 
output is ensured even when the vibration force charac- 
teristics of the vibrator 6 vary. 

[0099] Where the electric signal generator 7 gener- 
ates an acoustic signal such as a melody signal, a musi- 
cal signal, or a voice signal, the diaphragm 12 of the 
vibrator 6 to which the voice coil 13 is bonded vibrates, 
thereby producing the acoustic signal. In such a case, 
even when the low frequency component of the acoustic 
signal is included in the frequency range Wb, the gener- 
ated vibration force is small. Therefore, the vibratory 
alert function and the sound alert function are substan- 
tially separated from each other. Both a vibration signal 
and an acoustic signal can be input so as to reproduce 
the vibration signal and the mound signal simultane- 
ously. Thus, by adjusting the signal frequency band and 
synthesizing together a plurality of signals, the vibrator 
6 can function as a multiple function transducer capable 
of reproducing a vibration signal and a sound signal. 
[0100] The input signal may alternatively be a syn- 
thesized signal obtained by adding together a plurality 
of rectangular wave signals if the fundamental fre- 
quency thereof satisfies the above-described frequency 
conditions. In such a case, however, a higher harmonic 
component included in the signal is likely to introduce a 
distortion into the signal reproduced from the dia- 
phragm 12. Therefore, it is preferable to insert the high- 
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out filter 151 which cuts off a higher frJJVncy band in a 
stage preceding the vibrator 6. 

[0101] As described above, the electro-mechanical- 
acoustic transducer 100 of the present embodiment 
may use the vibrator 6 and the above-described synthe- s 
sized signal, which includes a plurality of groups of fre- 
quency signals, each group including a first pair of 
adjacent frequency signals and a second pair of adja- 
cent frequency signals. The first pair of adjacent fre- 
quency signals are synthesized together in reverse w 
phase, and the second pair of adjacent frequency sig- 
nals are synthesized together in phase. Thus, it is 
ensured that even when the plurality of point frequen- 
cies have a large interval, at least one of the frequen- 
cies is within the frequency range Wb In which a large is 
vibration force is obtained because of the jumping phe- 
nomenon. Moreover, the period with which the peak 
value of the voltage level of the electric signal waveform 
increases is reduced, whereby a large vibration force is 
continuously obtained. Moreover, even when the vlbra- 20 
tion vs frequency characteristics of the vibrator 6 vary, 
the frequency range of the point frequencies can be set 
so as to include the frequency range in which a large 
vibration force is produced, whereby it is possible to 
always obtain a stable vibration output. Furthermore, a 25 
vibration signal and a sound signal can be reproduced 
selectively based on the frequency range of the signal 
to be applied. 




(Embodiment 2) 
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[0102] In Embodiment 1 described above, the vibra- 
tor 6 employs a nonlinear suspension, with which a 
Jumping phenomenon occurs. Even when a linear sus- 
pension, with which a jumping phenomenon does not 35 
occur, is used, a continuous vibration output can be 
obtained by inputting a synthesized signal which is 
obtained as in the case of a nonlinear suspension from 
signals that are within a frequency band including two 
frequencies on the higher and lower sides of the reso- 40 
nance frequency. The resonance frequency character- 
istics also vary with a linear suspension. However, it is 
possible to obtain a stable vibration output, as in the 
case of a nonlinear suspension, by employing a plurality 
of frequency signals so as to cover all the frequencies as 
resulting from such variations. 

[0103] Figure 19 is a plan view illustrating a linear 
suspension 130. The magnetic circuit section 8 is fixed 
to a central portion 132, and extensions 133a and 133b 
are fixed to the supporting member 11. The linear sus- so 
pension 130 exhibits a linear force vs displacement 
characteristic line when the length L of an arm 131 is 
sufficiently large. 

[0104] Figure 20 is a graph illustrating the relation- 
ship between the vibration force and the frequency of 55 
the vibrator 6 employing the linear suspension 130. Fig- 
ure 20 illustrates three characteristic lines I, II and III 
corresponding to different resonance frequencies f01, 



f02 and f03, respectively. Sinc^Wi suspension 130 is a 
linear suspension, the jumping phenomenon does not 
occur. 

[0105] The variations in the resonance frequency 
shown in Figure 20 indicate the variations in the charac- 
teristics of the vibrator 6. Arrows P1 -P8 are point fre- 
quency signals to be applied. The point frequencies are 
selected to define a frequency range which includes all 
the resonance frequencies f01 , f02 and f03 correspond- 
ing to the characteristic lines I, II and 111, respectively. 
[0106] Figure 21 A illustrates the waveform of an 
input signal obtained by synthesizing eight point fre- 
quencies while controlling the phase thereof. Each Fig- 
ure 21 B, 22A and 22B illustrates the waveform of the 
vibration force characteristics produced when such an 
input signal is input to linear suspension 130. In this 
example, the weight of the magnetic circuit section is 
1 .4 g, and the mechanical resonance system including 
the linear suspension and the magnetic circuit section 
has resonance frequencies f01=125 Hz, f02=135 Hz 
and f03=145 Hz. The point frequencies P1-P8 range 
from 120 Hz to 155 Hz at 5 Hz intervals. P2 and P6 are 
in reverse phase with respect to the other point frequen- 
cies. 

[0107] Figure 23 illustrates an example of the elec- 
tric signal generator 7. Referring to Figure 23, electric 
signal generator 7 includes frequency signal generators 
101 to 108, phase controllers 110 to 117 and a signal 
adder 120. 

[0108] The synthesized signal to be applied to the 
vibrator 6 is obtained from frequencies P1 to P8 as fol- 
lows. First, the frequency signal generators 101 to 108 
generate the following frequencies, respectively: f1-120 
Hz, f2=125 Hz, f3=130 Hz, f4=135 Hz, f5=140 Hz. 
f6=145 Hz, f 7=1 50 Hz and f8=155 Hz. These frequency 
signals are input to the phase controllers 110 to 117, 
respectively. The phase of the frequency signals f2 and 
f6 is delayed by 180 degrees so as to be in reverse 
phase with respect to the other frequency signals, with 
the other frequency signals being all in phase. The fre- 
quency signals are synthesized together by the signal 
adder 120, and the output from the signal adder 120 is 
provided to the vibrator 6. 

[0109] Figure 21 A illustrates the waveform of the 
Input signal obtained by adding together the point fre- 
quencies PI -P8. Figure 21 B illustrates the waveform of 
the vibration force characteristics of the vibrator 6 (the 
resonance frequency f01=135 Hz) when the above- 
described synthesized signal is applied to the vibrator 6. 
Figures 22A and 22 B illustrate the waveform of the 
vibration force characteristics of the vibrator 6 for other 
resonance frequencies, i.e., f2=125 Hz and 145 Hz, 
respectively. It can be seen that even when the reso- 
nance frequency of the vibrator 6 varies due to varia- 
tions in the production process, the attachment to the 
device to be vibrated, or the conditions under which it is 
used, a stable vibration force can be obtained because 
the vibrator 6 is driven by the point frequencies covering 
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a wide frequency band. 

[0110] The vibration force characteristics of the 
vibrator 6 vary depending on the Q value of the 
mechanical resonance system including the suspension 
and the magnetic circuit section. Figure 24 illustrates 5 
respective vibration force vs frequency characteristics 
IV, V and VI of different linear suspensions having differ- 
ent Q values, i.e., Q=5, Q=10 and Q=20, respectively. 
The characteristics shown in Figure 20 is for Q=20. Fig- 
ures 25A to 25C each illustrate the waveform of the 10 
vibration force obtained when an eight-point signal is 
applied to the vibrator 6 for different Q values, i.e., Q=5, 
Q=10 and Q=20, respectively. When the Q value is 
small, the vibration force vs frequency characteristics 
are flattened. Therefore, it may be preferred to reduce 15 
the number of point frequencies (e.g., four points or two 
points for a Q value less than or equal to 5), whereby it 
is possible to reduce the variations in the voltage level of 
the synthesized signal, thereby obtaining a large vibra- 
tion force. When the Q value is equal to or greater than 20 
1 0, the vibration force level will be high and the vibration 
force curve will be sharp in the vicinity of the resonance 
frequency. Between the curve of Q=20 and the curve of 
Q=30, for example, there is a substantial difference in 
the vibration force level for a frequency within a very 25 
narrow band near the resonance frequency. However, 
the vibration force level is substantially the same for fre- 
quencies at least several hertzes away from the reso- 
nance frequency. Therefore, no substantial difference in 
the vibration force level occurs when using a signal syn- 30 
thesized from eight or more point frequencies that are 
distributed across a wide frequency band (e.g., at least 
several hertz wide in the respective directions from the 
resonance frequency). Therefore, with a linear suspen- 
sion, it is preferable to optimally select the number of 35 
point frequencies from which to synthesize the input sig- 
nal based on the Q value. While the Q value depends 
upon the design of the vibrator, one effective way to 
reduce the Q value is to employ a strong magnet in the 
magnetic circuit so as to increase the electromagnetic 40 
damping resistance of the voice coil. Another effective 
way to reduce the Q value is to employ a vibration sup- 
pression material having a large internal loss of energy 
as the material of the suspension so as to increase the 
mechanical resistance. However, when the electromag- 45 
netic damping resistance is increased, the size of the 
magnetic circuit is also increased, whereby it is difficult 
to realize a small vibrator. Moreover, when the mechan- 
ical resistance is increased, the resonance level is sup- 
pressed, thereby requiring a large electric input for 50 
obtaining a large vibration force, thereby reducing the 
efficiency of the vibrator. As described above, with a 
nonlinear suspension, the frequency range Wb in which 
a large vibration force can be obtained is widened by the 
jumping phenomenon of the suspension even when the 55 
electromagnetic damping resistance is not large. There- 
fore, with a nonlinear suspension, as compared to a lin- 
ear suspension, it is possible to realize a vibrator which 



is small, yet capable of prdPPng a large vibration force. 
However, the above- described signal of the present 
invention is effective irrespective of the linearity of the 
suspension. 

[0111] The vibration characteristics can easily be 
changed by changing the waveform of the input signal. 
Thus, it is possible to alert the user of an incoming call 
with various vibrations, whereas various melodies are 
currently used as ringing tones. For example, it is possi- 
ble to employ different vibration modes for different call- 
ers. 

[01 12] Figure 26A illustrates the waveform of a volt- 
age signal including eight point signals arranged with 5 
Hz intervals which is to be input to the vibrator 6 using a 
non-linear suspension. Figure 26B illustrates the wave- 
form of the vibration force characteristics of the vibrator 

6 in response to the input signal as shown in Figure 
26 A. Figure 27 A illustrates the waveform of a voltage 
signal to be input to the vibrator 6 including eight point 
signals arranged with 4 Hz intervals. Figure 27B illus- 
trates the waveform of the vibration force characteristics 
of the vibrator 6 in response to the input signal as shown 
in Figure 27A. As illustrated in the figures, the vibration 
force characteristics can be changed by changing the 
interval between the point frequencies. Thus, various 
vibration modes can be switched to one another easily. 
The vibration mode can alternatively be changed based 
on the number of point frequencies, the phase of each 
point frequency signal, and the like. 

[0113] The input signal is illustrated to be continu- 
ous. Alternatively, the input signal may be an interrupted 
signal. In such a case, the vibratory alert signal repeat- 
edly vibrates and stops vibrating, which may be more 
clearly perceived by a human user. 

(Embodiment 3) 

[0114] An electro-mechanical-acoustic transducer 
200 according to Embodiment 3 of the present invention 
will now be described with reference to Figure 28. Ele- 
ments of the electro-mechanical-acoustic transducer 
200 that are already described in Embodiment 1 will be 
provided with like reference numerals and will not be 
further described below. As compared to Embodiment 
1, the electro-mechanical-acoustic transducer 200 
includes an acoustic signal generator 12 in addition to 
the electric signal generator 7, so that an electric signal 
from either one of the electric signal generator 7 or the 
acoustic signal generator 12 is selectively provided to 
the vibrator 6 via a switch SW2. 
[0115] The electric signal generator 7 generates a 
swept frequency signal or a synthesized signal obtained 
from a plurality of point frequencies so as to provide sta- 
ble vibrations. Additionally, the electric signal generator 

7 may be capable of generating a voice signal or a 
music signal. However, in such a case, the circuit config- 
uration may be complicated. Embodiment 3 of the 
present invention addresses this problem by designing 
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the electro-mechanical-acoustic trans^pPr 200 as fol- 
lows. When a vibratory alert signal is reproduced, the 
switch SW2 is controlled so as to transmit a signal from 
the electric signal generator 7 therethrough. When an 
acoustic signal such as the music signal or the voice 5 
signal is reproduced, the switch SW2 is controlled so as 
to transmit a signal from the acoustic signal generator 
12 therethrough. Thus, the vibratory alert function and 
the sound alert function are separated from each other, 
while simplifying the circuit configuration. w 
[0116] The electric signal generator 7 may be a 
recording medium such as a semiconductor memory 
which is capable of recording/reproducing an intended 
signal waveform, and may alternatively be a DSP (dig- 
ital signal processor). is 

(Embodiment 4) 

[0117] A portable terminal apparatus according to 
Embodiment 4 of the present Invention will now be 20 
described with reference to Figures 29 and 30. Ele- 
ments of the portable terminal apparatus that are 
already described in Embodiment 1 will be provided 
with like reference numerals and will not be further 
described below. Figure 29 is a perspective view illus- 2s 
trating a portable telephone 300 which is an exemplary 
portable terminal apparatus of the present invention 
which includes the vibrator 6 described above in 
Embodiment 1 . Figure 30 is a block diagram illustrating 
the main part of the portable telephone 300 which uses 30 
the vibrator 6 of Embodiment 1 . 

[0118] Referring to Figure 29, the vibrator 6 is 
attached to an outer casing 13 of the portable telephone 
300. Referring to Figure 30, the portable telephone 300 
includes an antenna 14, a reception signal processing 35 
section 15, an electric signal generator 16, and a switch 
SW3 for selectively transmitting one of the electric sig- 
nals from the reception signal processing section 15 
and the electric signal generator 16 to the vibrator 6. 
[0119] Next, the operation of the portable telephone 40 
300 will be described. The antenna 14 receives an 
incoming call signal from a transmitter of another porta- 
ble telephone (not shown). The incoming call signal 
includes a reception signal to alert the user of the 
incoming call, and a voice signal from the caller. The 45 
reception signal processing section 15 processes the 
incoming call signal and generates a signal K in 
response to the reception signal to alert the user of the 
incoming call. When the signal K is generated, the 
switch SW3, which is normally turned OFF (i.e., not con- so 
nected to either the reception signal processing section 
15 or the electric signal generator 16), is connected to 
either the reception signal processing section 15 or the 
electric signal generator 16. When the switch SW3 is 
connected to the electric signal generator 16, a fre- 55 
quency signal as described in Embodiment 1 is gener- 
ated. This frequency signal causes the magnetic circuit 
section of the vibrator 6 supported by the nonlinear sus- 



pension to vibrate, thereby vTWWTng the portable tele- 
phone 300. Thus, the vibrator 6 functions as a vibrator 
for generating a vibratory alert signal. When the electric 
signal generator 16 generates a ringing tone, the vibra- 
tor 6 functions as a speaker for reproducing an acoustic 
signal. When the receiver (user) who has been notified 
by the vibratory alert signal or the ringing tone of the 
incoming call turns ON the portable telephone 300, the 
portable telephone 300 is ready to receive the call, the 
signal K from the reception signal processing section 15 
causes the switch SW3 to be connected to the reception 
signal processing section 1 5. The signal from the recep- 
tion signal processing section 15 is the caller voice sig- 
nal. Then, the vibrator 6 functions as a receiver. 
Alternatively, the vibrator 6 may be a loud speaker for 
reproducing the caller's voice which may be separated 
from the portable terminal apparatus. 
[0120] As described above, with the portable tele- 
phone 300 according to Embodiment 4 of the present 
Invention, a swept frequency signal or a synthesized 
signal obtained from a plurality of point frequencies can 
be generated from the electric signal generator 16 and 
provided to the vibrator 6 so that it is possible to effec- 
tively use the large amount of vibration from the vibrator 
6. Therefore, it is possible to reduce the battery power 
consumption, which is an important issue with portable 
telephones. 

[0121] In the example described above, a ringing 
tone is generated by the electric signal generator 16. 
Alternatively, a ringing tone may be generated based on 
a signal from the reception signal processing section 

15. In such a case, the reception signal processing sec- 
tion 15 generates a ringing tone, a caller's voice signal 
and a loud speaker sound signal. 

(Embodiment 5) 

[0122] A portable terminal apparatus according to 
Embodiment 5 of the present invention will now be 
described with reference to Figure 31. 
[0123] Figure 31 is a block diagram illustrating the 
main part of a portable telephone 400 using the vibrator 
6 described above in Embodiment 1. Although not 
shown in Figure 31, the vibrator 6 is attached to the 
body of the portable telephone 400, as in Embodiment 
4. Referring to Figure 31, the portable telephone 400 
includes the antenna 14, the electric signal generator 

16, a reception signal processing section 17, a signal 
synthesis section 18. The portable telephone 400 fur- 
ther includes a switch SW4 provided between the 
reception signal processing section 17 and the signal 
synthesis section 18, a switch SW5 provided between 
the electric signal generator 1 6 and the signal synthesis 
section 1 8, and a switch SW6 provided between the sig- 
nal synthesis section 18 and the vibrator 6. 

[01 24] Next, the operation of the portable telephone 
400 will be described. The antenna 14 receives an 
incoming call signal from a transmitter of another porta- 
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ble telephone (not shown). Thel^^hing call signal 
includes a reception signal to alert the user of the 
incoming call, and a voice signal from the caller. The 
reception signal processing section 17 processes the 
incoming call signal and generates signals K1, K2 and 5 
K3 in response to the reception signal to alert the user 
of the incoming call. When the signals K1, K2 and K3 
are generated, the switches SW4, SW5 and SW6 are 
turned ON/OFF in response to the signals K1, K2 and 
K3, respectively. to 
[0125] When the signals K1 , K2 and K3 are an OFF 
signal, an ON signal and an ON signal, respectively, the 
switches SW4, SW5 and SW6 are accordingly turned 
OFF, ON and ON, respectively, whereby a vibration sig- 
nal from the electric signal generator 16 Is Input to the 75 
signal synthesis section 18, whereas the signal from the 
reception signal processing section 17 is stopped by the 
switch SW4. Thus, the signal synthesis section 18 
applies the vibration signal from the electric signal gen- 
erator 16 to the vibrator 6. 20 
[0126] The vibration signal causes the magnetic cir- 
cuit section of the vibrator 6 supported by the nonlinear 
suspension to vibrate, thereby vibrating the portable tel- 
ephone 400. Thus, the vibrator 6 functions as a vibrator 
for generating a vibratory alert signal. 25 
[0127] When the signals K1, K2 and K3 are an ON 
signal, an OFF signal and an ON signal, respectively, 
the switches SW4, SW5 and SW6 are accordingly 
turned ON, OFF and ON, respectively, whereby an 
acoustic signal from the reception signal processing so 
section 17 is input to the signal synthesis section 18, 
whereas the signal from the electric signal generator 16 
is stopped by the switch SW5. Thus, the signal synthe- 
sis section 18 applies the acoustic signal from the 
reception signal processing section 17 to the vibrator 6. 35 
In such a case, the vibrator 6 functions as a speaker for 
reproducing an acoustic signal. Specifically, the vibrator 
6 functions as a ringing tone generator, a receiver or a 
loud speaker. 

[0128] When the signals K1, K2 and K3 are all an 40 
ON signal, the switches SW4, SW5 and SW6 are all 
turned ON, whereby an acoustic signal from the recep- 
tion signal processing section 17 and a vibration signal 
from the electric signal generator 16 are simultaneously 
Input to the signal synthesis section 1 8, which then syn- 45 
thesizes the acoustic signal and the vibration signal to 
provide a synthesized signal, which is applied to the 
vibrator 6. Thus, the vibrator 6 can produce both a vibra- 
tion and a sound to alert the user of an incoming call. 
Alternatively, when the user receives a call from a sec- so 
ond caller while taking with a first caller, the vibrator 6 
can alert the user of the incoming call from the second 
caller with a vibration. Such a vibration does not inter- 
fere with the voice of the first caller. Thus, it is possible 
to realize a portable terminal apparatus capable of 55 
receiving a second call while the user is already on a 
call without deteriorating the sound quality during the 
call. 



[0129] In EmbodimenT^PB above, the vibrator 6 is 
an electrokinetic transducer which utilizes a magnetic 
force generated in a voice coil inserted into a magnetic 
field. Alternatively, the vibrator 6 may be a piezoelectric 
transducer, an electromagnetic transducer, or the like, 
as long as the transducer can provide nonlinear vibra- 
tion force characteristics as those described above. 
[01 30] As described above, the electro-mechanical- 
acoustic transducer of the present invention includes a 
vibrator which includes a nonlinear suspension, so as to 
obtain a large vibration force in a wide frequency band. 
Also when a linear suspension is used, a synthesized 
signal obtained by adding together a plurality of point 
frequencies can be input so that it is possible to elimi- 
nate substantial variations In the vibration force due to 
variations in the vibration characteristics of the vibrator 
and to simplify the driving circuit therefor, whereby a 
stable vibration force can always be obtained. There- 
fore, the electro-mechanical-acoustic transducer of the 
present Invention can be used in a portable telephone 
so as to reduce the power consumption while simplify- 
ing the circuit configuration, thereby reducing the size 
and weight of the portable telephone. 
[0131] Various other modifications will be apparent 
to and can be readily made by those skilled in the art 
without departing from the scope and spirit of this inven- 
tion. Accordingly, it is not intended that the scope of the 
claims appended hereto be limited to the description as 
set forth herein, but rather that the claims be broadly 
construed. 

Claims 

1. A driving circuit for driving a vibrator having a 
mechanical vibration system which resonates at a 
resonance frequency, wherein: 

the driving circuit outputs to the vibrator at least 
two signals of different frequencies which are 
included in a frequency range including the res- 
onance frequency; and 

the vibrator has a function of converting an 
electric signal into at least one of a mound and 
a vibration. 

2. A driving circuit according to claim 1 , wherein the at 
least two signals include a first signal having a fre- 
quency which is lower than the resonance fre- 
quency and a second signal having a frequency 
which is higher than the resonance frequency. 

3. A driving circuit according to claim 1 , wherein: 

the at least two signals include a first signal and 
a second signal; and 

the driving circuit outputs to the vibrator a syn- 
thesized signal obtained by adding together the 
first signal and the second signal. 
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4. A driving circuit according to claii 
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the at least two signals include a first signal and 
a second signal; and 

the driving circuit outputs to the vibrator a syn- 
thesized signal obtained by adding together the 
first signal and the second signal while shifting 
a phase of the first signal and a phase of the 
second signal from each other. 

5. A driving circuit according to claim 1 , wherein: 

the at least two signals include a first signal and 
a second signal; and 

at least one of the first signal and the second 
signal Includes a sine wave signal. 

6. A driving circuit according to claim 1 , wherein: 
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requwl^ 



an increasing frequWCy^ sweep and for a 
decreasing frequency sweep within a predeter- 
mined frequency range; 
the predetermined frequency range is defined 
between a lower limit frequency which repre- 
sents a lowest frequency in the predetermined 
frequency range and an upper limit frequency 
which represents a highest frequency in the 
predetermined frequency range; 
the driving circuit outputs to the vibrator a first 
signal having a frequency within the frequency 
range and a second signal having a frequency 
which is lower than the lower limit frequency: 
the second signal is output to the vibrator con- 
currently with or prior to the first signal; and 
the vibrator has a function of converting an 
electric signal into at least one of a sound and 
a vibration. 



the at least two signals include a first signal and 20 
a second signal; and 

at least one of the first signal and the second 
signal includes a rectangular wave signal. 

7. A driving circuit according to claim 3, further com- 25 
prising a limiter for limiting a peak output voltage of 
the synthesized signal. 

8. A driving circuit according to claim 3, wherein the 
synthesized signal is a sine wave signal which is 30 
obtained by synthesizing together a plurality of 
groups of frequency signals, each group including a 
first pair of adjacent frequency signals and a sec- 
ond pair of adjacent frequency signals, the first pair 

of adjacent frequency signals being synthesized 35 
together in reverse phase, and the second pair of 
adjacent frequency signals being synthesized 
together in phase. 

9. A driving circuit according to claim 1, wherein the 40 
vibrator includes a magnetic circuit section and at 
least one suspension. 

10. A driving circuit according to claim 9, wherein the 
suspension Includes a linear suspension. 45 

11. A driving circuit according to claim 1, wherein the 
driving circuit is an electric signal generator for gen- 
erating a frequency signal for a vibration or an elec- 
tric-acoustic signal for a sound. so 

12. A driving circuit for driving a vibrator having a 
mechanical vibration system having predetermined 
vibration force vs frequency characteristics, 
wherein: 55 

the mechanical vibration system has different 
vibration force vs frequency characteristics for 



13. A driving circuit according to claim 12, wherein the 
vibrator includes a magnetic circuit and at least one 
suspension. 

14. A driving circuit according to claim 13, wherein the 
suspension includes a nonlinear suspension. 

15. A driving circuit according to claim 13, wherein the 
suspension has stiffness S such that when the stiff- 
ness S is expressed by a multidimensional function 
with respect to a displacement X, an X 2 term of the 
multidimensional function has a non-zero value. 

16. A driving circuit according to claim 12, wherein the 
driving circuit is an electric signal generator for gen- 
erating a frequency signal for a vibration or an elec- 
tric-acoustic signal for a sound. 

17. A driving circuit according to claim 12, wherein the 
second signal includes a swept frequency signal 
whose frequency continuously varies overtime. 

18. A driving circuit according to claim 12, wherein the 
second signal includes a plurality of point frequency 
signals. 

19. A driving circuit according to claim 12, wherein at 
least one of the first signal and the second signal 
includes an increasing signal whose frequency 
increases over time. 

20. A driving circuit according to claim 12, wherein: 

the first signal includes a swept frequency sig- 
nal whose frequency continuously varies oyer 
time; 

the first signal has a first turning frequency at 
which the frequency of the first signal stops 
increasing and starts decreasing and a second 
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turning frequency at whicn^^requency of the 

first signal stops decreasing and starts increas- 
ing; 

the first turning frequency is lower than the 
upper limit frequency; and 5 
the second turning frequency is higher than the 
lower limit frequency. 



21 . A driving circuit according to claim 1 2, wherein the 
first signal includes at least one point frequency sig- 
nal. 



10 



22. A driving circuit according to claim 1 2, wherein the 
driving circuit outputs to the vibrator a synthesized 
signal obtained by adding together the first signal 15 
and the second signal. 

23. A driving circuit according to claim 1 2, wherein the 
driving circuit outputs to the vibrator a synthesized 
signal obtained by adding together the first signal 20 
and the second signal while shifting a phase of the 
first signal and a phase of the second signal from 
each other. 

24. A driving circuit according to claim 12, wherein at 25 
least one of the first signal and the second signal 
includes a sine wave signal. 



29. An electro-mechanical^lCustic transducer accord- 
ing to claim 28, wherein the at least two signals 
include a first signal having a frequency which is 
lower than the resonance frequency and a second 
signal having a frequency which is higher than the 
resonance frequency. 

30. An electro-mechanical-acoustic transducer accord- 
ing to claim 28, wherein: 

the at least two signals include a first signal 
having a frequency which is lower than the res- 
onance frequency and a second signal having 
a frequency which is higher than the resonance 
frequency; 

the driving circuit outputs to the vibrator a syn- 
thesized signal obtained by adding together the 
first signal and the second signal; and 
the driving circuit selectively changes the syn- 
thesized signal by changing at least one of a 
frequency of the first signal, a frequency of the 
second signal, a frequency interval between 
the frequency of the first signal and the fre- 
quency of the second signal, a phase of the 
first signal, a phase of the second signal, a volt- 
age level of the first signal, and a voltage level 
of the second signal. 



25. A driving circuit according to claim 12, wherein at 
least one of the first signal and the second signal 
includes a rectangular wave signal. 

26. A driving circuit according to claim 22, further com- 
prising a limiter for limiting a peak output voltage of 
the synthesized signal. 

27. A driving circuit according to claim 23, wherein the 
synthesized signal is a sine wave signal which is 
obtained by synthesizing together a plurality of 
groups of frequency signals, each group including a 
first pair of adjacent frequency signals and a sec- 
ond pair of adjacent frequency signals, the first pair 
of adjacent frequency signals being synthesized 
together in reverse phase, and the second pair of 
adjacent frequency signals being synthesized 
together in phase. 

28. An electro-mechanical -acoustic transducer, com- 
prising: 

a vibrator having a mechanical vibration sys- 
tem which resonates at a resonance fre- 
quency; and 

a driving circuit for driving the vibrator, wherein: 
the driving circuit outputs to the vibrator at least 
two signals of different frequencies which are 
included in a frequency range including the res- 
onance frequency. 



31. An electro-mechanical-acoustic transducer, com- 
30 prising: 

a vibrator having a mechanical vibration sys- 
tem having predetermined vibration force vs 
frequency characteristics; and 

35 a driving circuit for driving the vibrator, wherein: 

the mechanical vibration system has different 
vibration force vs frequency characteristics for 
an increasing frequency sweep and for a 
decreasing frequency sweep within a predeter- 

40 mined frequency range; 

the predetermined frequency range is defined 
between a lower limit frequency which repre- 
sents a lowest frequency in the predetermined 
frequency range and an upper limit frequency 

45 which represents a highest frequency In the 

predetermined frequency range; 
the driving circuit outputs to the vibrator a first 
signal having a frequency within the frequency 
range and a second signal having a frequency 

so which is lower than the lower limit frequency; 

and 

the second signal is output to the vibrator con- 
currently with or prior to the first signal. 

55 32. An electro-mechanical-acoustic transducer accord- 
ing to claim 31, wherein: 

the driving circuit outputs to the vibrator a syn- 
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thesi2ed signal obtained by aC^^together the 
first signal and the second signal; and 
the driving circuit selectively changes the syn- 
thesized signal by changing at least one of a 
frequency of the first signal, a frequency of the 5 
second signal, a frequency interval between 
the frequency of the first signal and the fre- 
quency of the second signal, a phase of the 
first signal, a phase of the second signal, a volt- 
age level of the first signal, and a voltage level 10 
of the second signal. 

33. A portable terminal apparatus, comprising: 

a vibrator having a mechanical vibration sys- is 
tern which resonates at a resonance fre- 
quency; 

an antenna for receiving an incoming call sig- 
nal; 

a reception signal processing section for 20 
processing the incoming call signal so as to 
output an electric signal to the vibrator; and 
a driving circuit for driving the vibrator, wherein: 
the driving circuit outputs to the vibrator at least 
two signals of different frequencies which are 25 
included in a frequency range including the res- 
onance frequency. 




38. A portable terminal appaWWs according to claim 
37, wherein the first switch, the second switch and 
the third switch operate based on a signal which is 
output from the reception signal processing section. 

39. A portable terminal apparatus according to claim 
33, wherein: 

the at least two signals include a first signal 
having a frequency which is lower than the res- 
onance frequency and a second signal having 
a frequency which is higher than the resonance 
frequency; 

the driving circuit outputs to the vibrator a syn- 
thesized signal obtained by adding together the 
first signal and the second signal; and 
the driving circuit selectively changes the syn- 
thesized signal by changing at least one of a 
frequency of the first signal, a frequency of the 
second signal, a frequency Interval between 
the frequency of the first signal and the fre- 
quency of the second signal, a phase of the 
first signal, a phase of the second signal, a volt- 
age level of the first signal, and a voltage level 
of the second signal. 

40. A portable terminal apparatus, comprising: 



34. A portable terminal apparatus according to claim 

33, wherein the at least two signals include a first 30 
signal having a frequency which is lower than the 
resonance frequency and a second signal having a 
frequency which is higher than the resonance fre- 
quency. 

35 

35. A portable terminal apparatus according to claim 
33, further comprising a switching section for con- 
necting the vibrator to one of the driving circuit and 
the reception signal processing section based on 

an output from the reception signal processing sec- 40 
tion. 

36. A portable terminal apparatus according to claim 
33, further comprising a signal synthesis section for 
synthesizing together the electric signal output from 45 
the reception signal processing section and the out- 
put from the driving circuit. 

37. A portable terminal apparatus according to claim 

36, further comprising: 50 



a vibrator having a mechanical vibration sys- 
tem having predetermined vibration force vs 
frequency characteristics; 
an antenna for receiving an incoming call sig- 
nal; 

a reception signal processing section for 
processing the incoming call signal so as to 
output an electric signal to the vibrator; and 
a driving circuit for driving the vibrator, wherein: 
the mechanical vibration system has different 
vibration force vs frequency characteristics for 
an increasing frequency sweep and for a 
decreasing frequency sweep within a predeter- 
mined frequency range; 

the predetermined frequency range is defined 
between a lower limit frequency which repre- 
sents a lowest frequency In the predetermined 
frequency range and an upper limit frequency 
which represents a highest frequency in the 
predetermined frequency range; 
the driving circuit outputs to the vibrator a first 
signal having a frequency within the frequency 
range and a second signal having a frequency 
which is lower than the lower limit frequency; 
and 

the second signal is output to the vibrator con- 
currently with or prior to the first signal. 

41. A portable terminal apparatus according to claim 
40, further comprising a switching section for con- 



a first switch provided between the reception 
signal processing section and the signal syn- 
thesis section; 

a second switch provided between the driving 55 
circuit and the signal synthesis section; and 
a third switch provided between the signal syn- 
thesis section and the vibrator. 
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necting the vibrator to one of ^BFiving circuit and at least one of triWKt signal and the second 

the reception signal processing section based on signal includes a rectangular wave signal, 

an output from the reception signal processing sec- 
tion. 

5 

42. A portable terminal apparatus according to claim 
40, further comprising a signal synthesis section for 
synthesizing together the electric signal output from 
the reception signal processing section and the out- 
put from the driving circuit. io 



43. A portable terminal apparatus according to claim 
42, further comprising: 

a first switch provided between the reception is 
signal processing section and the signal syn- 
thesis section; 

a second switch provided between the driving 
circuit and the signal synthesis section; and 
a third switch provided between the signal syn- 20 
thesis section and the vibrator. 



44. A portable terminal apparatus according to claim 
40, wherein: 

25 

the driving circuit outputs to the vibrator a syn- 
thesized signal obtained by adding together the 
first signal and the second signal; and 
the driving circuit selectively changes the syn- 
thesized signal by changing at least one of a 30 
frequency of the first signal, a frequency of the 
second signal, a frequency interval between 
the frequency of the first signal and the fre- 
quency of the second signal, a phase of the 
first signal, a phase of the second signal, a volt- 35 
age level of the first signal, and a voltage level 
of the second signal. 



45. A driving circuit according to claim 2, wherein: 

40 

the driving circuit outputs to the vibrator a syn- 
thesized signal obtained by adding together the 
first signal and the second signal. 



46. A driving circuit according to claim 2, wherein: 45 



the driving circuit outputs to the vibrator a syn- 
thesized signal obtained by adding together the 
first signal and the second signal while shifting 
a phase of the first signal and a phase of the so 
second signal from each other. 



47. A driving circuit according to claim 2, wherein: 



at learnt one of the first signal and the second 55 
signal includes a sine wave signal. 



48. A driving circuit according to claim 2, wherein: 
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